1-Introduction
The manganite composition La 0.7 Sr 0.3 MnO 3 (LSMO) is an example of promising material for a new generation of devices and sensors operated at room temperature including thermal sensors, spintronic devices, magnetic or pressure sensors [1] [2] [3] [4] [5] . LSMO belongs to the class of transition-metal oxides, characterized by unprecedented functionalities, often being relevant to different fields of application [6] [7] [8] [9] . However unsolved technological fabrication issues still exist before these materials could be used in real applications. In particular, the epitaxial growth, necessary to achieve optimal properties of these complex materials in the form of thin films, induces high residual strain that is detrimental to fabrication reliability, and imposes the use of ceramic substrates with well lattice matched parameters and deposition of at high temperature. The last two conditions often make fabrication processes using oxide epitaxial films not compatible with the most commonly used fabrication processes based on silicon, such as the micromachining techniques used for MicroElectroMechanical Systems (MEMS) on silicon substrates [10, 11] .
Silicon substrates are not well adapted to the epitaxial growth of oxides due to the presence of an amorphous SiO 2 layer at the Si surface, to the interdiffusion of oxide with Si at the high temperature needed for growing epitaxial oxide films, and finally due to the large difference in the thermal expansion coefficients between oxides and Si. These problems can be overcome by introducing single or multiple buffer layers as seen in literature [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and our previous work [22] [23] [24] [25] , but the residual stress in the high quality epitaxial thin films are high thus making the fabrication of suspended structures challenging. Literature data and books describing fabrication techniques and complete processes for silicon-based MEMS are numerous, but reported technological processes for the fabrication of MEMS using epitaxial oxide films are few in literature although it is essential since all aspects from device design, material properties and microfabrication are closely interconnected to achieve the best performance. Using non silicon substrates and chemical etching, several realisations of freestanding structures made of various epitaxial functional oxides [26, 27, 28, 29] and of epitaxial LSMO [30, 31] to 800 µm and widths ranging from 50 to 150 µm [34] . The release etching for forming cantilevers was performed by DRIE using a mixture of SF 6 , O 2 and C 4 F 8 gases. Baek et al. showed that high-quality Pb(Mg 1/3 Nb 2/3 )O 3 -PbTiO 3 (PMN-PT) epitaxial thin films can be incorporated into silicon microcantilevers that exhibit very large electromechanical coupling for ultrasound medical imaging, microfluidic control, mechanical sensing, and energy harvesting [35] . Silicon-On-Insulator (SOI) substrates can also be used as was done with epitaxial BaTiO 3 /SrRuO 3 /YSZ films deposited on Si cantilevers by Colder et al. [36] [39] .
Our objective is to achieve an optimized reliable and simple microfabrication process of suspended micro-bridges using epitaxial LSMO thin films deposited on buffered silicon substrates for uncooled bolometers. A figure of merit that is commonly used to characterize radiation sensor performance is the Noise-Equivalent Power (NEP). It is defined as the ratio of the noise spectral density S n (expressed in V·Hz -1/2 or A·Hz -1/2 ) over the bolometer responsivity  (expressed in V·W -1 or A·W -1 ). Large responsivity is obtained if (i) materials with large temperature coefficient of resistance (TCR), defined as (1/R)×(dR/dT) where R is the electrical resistance and T the bolometer temperature, and (ii) geometries achieving thermal insulation of the active area are used [40] [41] [42] [43] [44] . LSMO is a competitive material compared to existing technologies using amorphous silicon [45] or VO 2 [46] since it presents a TCR of 0.02 K -1 at room temperature thanks to the large electrical resistance change at the Metal-to-Insulator (M-I) transition [47] , and can show very low electrical noise [48, 49] . In order to achieve low NEP of the fabricated devices, it should be checked that the fabrication process neither lowers the TCR values nor increases the low frequency noise levels. In this context, section 2 gives the experimental details, including fabrication steps as well as electrical resistance and low frequency noise set-ups. In sections 3, we present electrical resistance versus temperature and low frequency noise measurements in the suspended LSMO bridges. It is shown that a high fabrication yield could be obtained without degrading the electrical transport properties and in particular the low frequency noise level. Finally, a conclusion is given in section 4.
Experimental
The full fabrication process of our free-standing LSMO suspended micro-bridges is shown in Figure 1 . The epitaxial growth of the LSMO/Buffer layers was first achieved on Si Achieving low resistive ohmic contacts on LSMO is quite challenging and has to be carefully optimized before considering any use of LSMO thin films in devices [51] . Electrical contacts must not only be ohmic and low resistive but they have to adhere to the LSMO surface without damaging its properties. The 3 conditions can be contradictory since adhesion is usually reinforced when using energetic deposition methods, which are supposed to be more damaging. During the optimization procedure, we used either Pulsed Laser Deposition and negligible input current noise, were used for the low frequency noise measurements. A spectrum analyzer (HP-3562A) calculates the noise spectral density for frequencies in the 1 Hz-100 kHz range. In order to estimate the voltage noise spectral density of the material, the noise of the electronic readout and the noise of the voltage contacts were removed by subtracting the noise spectral density measured at zero bias named S V (0).
Results and discussion
We could successfully fabricate 2 and 4 µm wide free standing (PL)/LSMO/buffer suspended micro-bridges of length 50, 100, 150 or 200 µm (buffer layer being either STO or CTO), using LSMO films in the 10-100 nm range. Typical Scanning Electron Microscope (SEM) photographs are shown in Figure 3 . A close view is reported in figure 3-a) The fabrication success rate of the suspended micro-bridges is reported in Figure 5 as a function of LSMO film thickness for both STO or CTO buffer layers. It was evaluated over about 100 fabricated suspended micro-bridges. For LSMO film thickness below 50 nm the rate is zero when no protecting layer was added. A Scanning Electron Microscope (SEM) photograph is shown in inset of Figure 5 as a typical example of broken structures when using thin LSMO layers. All the observed micro-bridges fabricated in thin LSMO films broke at the joint of the micro-bridges. Because the LSMO/buffer layers are epitaxially grown, residual strain can be sufficiently large to break the bridges when the Si substrate is removed indeed.
When a protecting layer was deposited on LSMO films, the success rate increased to 100%
for the thinnest LSMO films (10 nm or 15 nm), and to 90% for the 50 nm thick LSMO/CTO micro-bridges (compared to 45% without any protecting layer). It has to be noted that for LSMO film thickness above 60 nm grown using a STO buffer layer, the addition of a protecting layer had bad consequences since the fabrication success rate decreased compared to the value obtained without protecting layer. No evaluation of the mechanical properties was made within this study, and we can only suspect that above a critical total thickness the weight is too large and causes the bridges to break. Considering the best cases (with PL for LSMO thickness below 50 nm and no PL for LSMO thickness above 60 nm) a satisfactory fabrication success rate of about 85 % in average was achieved. and a slight increase of the electrical resistivity at 300 K compared to unpatterned LSMO films. It can be observed that the dispersion in the measured electrical resistivity is larger in the suspended bridges fabricated in the 10 nm thick LSMO films, than for thicker films. We believe that this could be simply related to the fact that the same variation of LSMO film thickness all over the substrate surface has more effect on 10 nm than on 100 nm thick LSMO films. No systematic study was made in order to correlate this observation to residual stress that could be present in the suspended structures. Figure 6-f) shows the ratio of the electrical resistivity of suspended micro-bridges over those of unpatterned LSMO films. The ratio is 2 for the 10 nm thick LSMO film and can be as low as 1.2 for thicker LSMO films (75 nm and 100 nm thick) even for 2 µm wide suspended micro-bridges. In the 50-60 nm LSMO thickness range, the electrical resistivity of suspended micro-bridges was increased, about 1.8
times the electrical resistivity of unpatterned films, when STO buffer layers have been used.
With CTO the ratio is 1.1 to 1.5 times higher in average than in the unpatterned film. TCR values of LSMO suspended micro-bridges were of the same order in average than those measured in the unpatterned films. All the reported data confirms that our fabrication process did not degrade the DC electrical properties of LSMO suspended micro-bridges for LSMO film thickness above 50-60 nm. CTO buffer layer is interesting since the LSMO electrical resistivity and the phase transition temperature are similar to those LSMO on STO (001) substrates. In the case of 10 to 60 nm thick LSMO/STO suspended micro-bridges, the electrical resistivity was increased by a factor 2 only, which is still sufficiently low to be used in sensor applications. Asgrown films [24, 25] Suspended bridges
Asgrown films [24, 25] Figure 7 (a-b) present typical voltage noise spectral density spectra measured in the LSMO suspended micro-bridges. We can clearly observe both Johnson (or thermal) noise at high frequency, and 1/f (or flicker) noise at low frequency. In contrast to Johnson noise, which depends neither on bias current nor frequency, the latter gives a frequency and bias current dependent contribution to noise. This type of noise, named l/f since its spectral density is inversely proportional to the frequency, manifests itself as fluctuations in electrical conductance at low frequencies. It is a very fine experimental indicator of the material quality [52] and is usually described by the Hooge empirical relation [53] : [24, 34, 35] . 
4-Conclusion
We have shown that our fabrication process of free-standing LSMO suspended microbridges is reliable as proved by the fabrication success rate of about 85% for LSMO film thicknesses in the 10-100 nm range, making use of a top protecting layer when necessary. The very high epitaxial quality of the as-grown layers was not degraded, as shown by electrical resistivity versus temperature characteristics and 1/f noise measurements. In particular, the measured normalized Hooge parameters was measured in the 0.55 -7.50×10 -30 m 3 range at 300 K, which is comparable to those measured in LSMO films deposited on well latticematched SrTiO 3 (STO) single crystals. Achieving so low 1/f noise levels is a clear proof that the very high quality epitaxial LSMO layers on buffered silicon substrates fully conserved their excellent electrical transport properties. This fabrication process can now be used for uncooled LSMO bolometers showing low NEP as well as for any devices or sensors requesting high signal-to-noise ratio and suspended micro-bridge structures, such as pressure sensors, memories using self-heating effects, etc.
